Appendix I 
The Minnesota Multiphasic Personality Inventory 


The Minnesota Multiphasic Personality Inventory (MMPI) was developed in the late 
1930s by psychologist Starke R. Hathaway and psychiatrist J.C. McKinley at the 
University of Minnesota. Today, it is a frequently used clinical testing instrument 
and one of the most researched psychological tests 1n existence. 

The MMPI-2 is most commonly used by mental health professionals to assess and 
diagnose mental illness but it has also been used as a screening instrument for certain 
high-risk professions such as being an astronaut. 

In the years after the test was first published, clinicians and researchers began to 
question the accuracy of the MMPI. Critics pointed out that the original sample 
group was inadequate. Others argued that the results indicated possible test bias, 
while some felt the test contained sexist and racist questions. In response to these 
issues, the MMPI underwent a revision in the late 1980s. Many questions were 
removed or reworded, while a number of new questions were added. Additionally, 
new validity scales were incorporated in the revised test. 

The revised edition of the test was released 1n 1989 as the MMPI-2. The MMPI-2 
contains 567 test items and takes approximately 60-90 min to complete. Once an 
individual has completed the test, he/she is rated on 10 clinical scales used to indicate 
different psychotic conditions: 





Scale 1 — Hypochondriasis: This scale was designed to asses a neurotic concern 
over bodily functioning. The 32 items on this scale concern somatic symptoms 
and physical well-being. The scale was originally developed to identify patients 
displaying the symptoms of hypochondria. 

Scale 2 — Depression: This scale was originally designed to identify depression, 
characterized by poor morale, lack of hope in the future, and a general 
dissatisfaction with one’s own life situation. Very high scores may indicate 
depression, while moderate scores tend to reveal a general dissatisfaction with 
one’s life. 

Scale 3 — Hysteria: The third scale was originally designed to identify those who 
display hysteria in stressful situations. Those who are well educated and of a high 
social class tend to score more highly on this scale. Women also tend to score 
more highly than men on this scale. 
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Scale 4 — Psychopathic Deviate: Originally developed to identify psychopathic 
patients, this scale measures social deviation, lack of acceptance of authority, and 
amorality. This scale can be thought of as a measure of disobedience. High scorers 
tend to be more rebellious, while low scorers are more accepting of authority. 
Despite the name of this scale, high scorers are usually diagnosed with a 
personality disorder rather than a psychotic disorder. 

Scale 5 — Masculinity/Femininity: This scale was designed by the original authors 
to identify homosexual tendencies, but was found to be largely ineffective. High 
scores on this scale are related to factors such as intelligence, socioeconomic 
status, and education. Women tend to score low on this scale. 

Scale 6 — Paranoia: This scale was originally developed to identify patients with 
paranoid symptoms such as suspiciousness, feelings of persecution, grandiose self- 
concepts, excessive sensitivity, and rigid attitudes. Those who score highly on this 
scale tend to have paranoid symptoms. 

Scale 7 — Psychasthenia: This diagnostic label is no longer used today and the 
symptoms described on this scale are more reflective of obsessive-compulsive 
disorder. This scale was originally used to measure excessive doubts, compulsions, 
obsessions, and unreasonable fears. 

Scale 8 — Schizophrenia: This scale was originally developed to identify 
schizophrenic patients and reflects a wide variety of areas including bizarre 
thought processes and peculiar perceptions, social alienation, poor familial 
relationships, difficulties in concentration and impulse control, lack of deep 
interests, disturbing questions of self-worth and self-identity, and sexual 
difficulties. 

Scale 9 — Hypomania: This scale was developed to identify characteristics of 
hypomania such as elevated mood, accelerated speech and motor activity, 
irritability, flight of ideas, and brief periods of depression. 

Scale 10 — Social Introversion: This scale was developed later than the other nine 
scales and is designed to assess a person’s tendency to withdraw from social 
contacts and responsibilities. 


In addition to the clinical scales, there are also the L, F, K, ?, TRIN, VRIN, and 
Fb Scales. The L Scale, also referred to as the “‘lie scale’, was developed to detect 
attempts by patients to present themselves in a favorable light. People who score 
highly on this scale deliberately try to present themselves in the most positive way 
possible, rejecting shortcomings or unfavorable characteristics. Well-educated 
people from higher social classes tend to score lower on the L Scale. The F Scale 
is used to detect attempts at “‘faking good” or “‘faking bad’’. Essentially, people who 
score highly on this test are trying to appear better or worse than they really are. This 
scale asks questions designed to determine whether test-takers are contradicting 
themselves in their responses. The K Scale, sometimes referred to as the 
‘defensiveness scale’’, is a more effective and less obvious way of detecting attempts 
to present oneself in the best possible way. Research has demonstrated, however, 
that those of a higher educational level and socioeconomic status tend to score more 
highly on the K Scale. The ? Scale, also known as the “‘cannot say”’ scale, is the 
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number of items left unanswered. The MMPI manual recommends that any test with 
30 or more unanswered questions be declared invalid. The TRIN (True Response 
Inconsistency) Scale was developed to detect patients who respond inconsistently. 
This section consists of 23 paired questions that are opposite to each other. The 
VRIN (Variable Response Inconsistency) Scale is another method developed to 
detect inconsistent responses. Lastly, the Fb Scale is composed of 40 items that less 
than 10% of normal respondents support. High scores on this scale sometimes 
indicate that the respondent stopped paying attention and began answering 
questions randomly. 
Here are the first (True or False) 75 out of 567 questions: 
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I like mechanics magazines. 

I have a good appetite. 

I wake up fresh and rested most mornings. 

I think I would like the work of a librarian. 

I am easily awakened by noise. 

I like to read newspaper articles on crime. 

My hands and feet are usually warm enough. 

My daily life is full of things that keep me interested. 

I am about as able to work as I ever was. 

There seems to be a lump in my throat much of the time. 

A person should try to understand his dreams and be guided by or take 
warning from them. 

I enjoy detective or mystery stories. 

I work under a great deal of tension. 

I have diarrhea once a month or more. 

Once in a while I think of things too bad to talk about. 

I am sure I get a raw deal from life. 

My father was a good man. 

I am very seldom troubled by constipation. 

When I take a new job, I like to find out whom it is important to be nice to. 
My sex life is satisfactory. 

At times I have very much wanted to leave home. 

At times I have fits of laughing and crying that I cannot control. 

I am troubled by attacks of nausea and vomiting. 

No one seems to understand me. 

I would like to be a singer. 

I feel that it is certainly best to keep my mouth shut when I’m in trouble. 
Evil spirits possess me at times. 

When someone does me a wrong I feel I should pay him back if I can, just for 
the principle of the thing. 

I am bothered by acid stomach several times a week. 

At times I feel like swearing. 

I have nightmares every few nights. 

I find it hard to keep my mind on a task or job. 
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I have had very peculiar and strange experiences. 

I have a cough most of the time. 

If people had not had it in for me I would have been much more successful. 
I seldom worry about my heath. 

I have never been in trouble because of my sex behavior. 

During one period when I was a youngster I engaged in petty thievery. 

At times I feel like smashing things. 

Most any time I would rather sit and daydream than to do anything else. 

I have had periods of days, weeks, or months when I couldn’t take care of 
things because I couldn’t “‘get going”’. 

My family does not like the work I have chosen (or the work I intend to 
choose for my life work). 

My sleep is fitful and disturbed. 

Much of the time my head seems to hurt all over. 

I do not always tell the truth. 

My judgment is better than it ever was. 

Once a week or oftener I feel suddenly hot all over without apparent cause. 
When I am with people I am bothered by hearing very queer things. 

It would be better if almost all laws were thrown away. 

My soul sometimes leaves my body. 

I am in just as good physical health as most of my friends. 

I prefer to pass by school friends, or people I know but have not seen for a 
long time, unless they speak to me first. 

A minister can cure disease by praying and putting his hand on your head. 
I am liked by most people who know me. 

I am almost never bothered by pains over the heart or in my chest. 

As a youngster I was suspended from school one or more times for cutting up. 
I am a good mixer. 

Everything is turning out just like the prophets of the Bible said it would. 

I have often had to take orders from someone who did not know as much as I 
did. 

I do not read every editorial in the newspaper everyday. 

I have not lived the right kind of life. 

Parts of my body often have feeling like burning, tingling, crawling, or like 
“going to sleep’. 

I have had no difficulty in starting or holding my bowel movement. 

I sometimes keep on at a thing until others lose their patience with me. 

I loved my father. 

I see things or animals or people around me that others do not see. 

I wish I could be as happy as others seem to be. 

I hardly ever feel pain in the back of the neck. 

I am very strongly attracted by members of my own sex. 

I used to like drop-the-handkerchief. 

I think a great many people exaggerate their misfortunes in order to gain the 
sympathy and help of others. 
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I am troubled by discomfort in the pit of my stomach every few days or 
oftener 

I am an important person. 

I have often wished I were a girl. (Or if you are a girl) I have never been sorry 
that I am a girl. 

I get angry sometimes. 





For those interested in taking the revised edition (the MMPI-2), you can access the 
test at www.mindfithypnosis.com/articles/mmpr2-online-test.shtml. 


Appendix II 
The Interplanetary Bioethics Manual 


The Interplanetary Bioethics Manual (IBM) describes biomedical ethical principles 
to provide crew medical officers (CMOs) and commanders with guidance in 
resolving ethical problems that may occur during exploration class missions (ECMs). 
The IBM is not a substitute for the experience and integrity of CMOs. The IBM is 
intended to facilitate the process of making ethical decisions in austere environments 
in which there is limited or no abort capability, limited life-support supplies, and 
restricted on-site medical support. The IBM presents general guidelines only. In 
applying these guidelines, CMOs and commanders should consider the circum- 
stances of the crewmember at issue and use their best judgment. 

Medical ethics is based on the principles from which positive duties emerge. These 
principles include beneficence (a duty to promote good and act in the best interest of 
the patient and the health of society) and non-maleficence (the duty to do no harm to 
patients). The relative weight granted to these principles and the conflicts among 
them may account for the ethical dilemmas CMOs and commanders may face during 
ECMs. 





Crewmember 


When medical capabilities permit, the CMO’s primary commitment shall be in the 
crewmember’s best interests, whether the CMO is preventing/treating illness or 
helping crewmembers cope with illness, disability, or death. The degree to which the 
interests of the crewmember will be promoted shall be determined by the life-support 
consumables and medical capabilities available. 

At the beginning of and throughout the crewmember—CMO relationship, the 
CMO shall work towards an understanding of the crewmember’s health problems, 
concerns, goals, and expectations. After the crewmember and CMO agree on the 
problem and the goal of therapy, the CMO shall present one or more courses of 
action. After consulting with ground-based flight surgeons, the CMO will initiate a 
course of action. 
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Confidentiality 


To uphold professionalism and protect crewmember privacy, CMOs shall limit 
discussion of care issues to the commander and ground-based flight surgeons. 


Disclosure 


To make health care decisions and work intelligently in partnership with the CMO, 
the crewmember, commander, and Mission Control must be well informed. 
Information should be disclosed whenever it is considered material to the 
crewmember’s understanding of his/her situation, possible treatments, and probable 
outcomes. This information includes the burdens of treatment, the nature of the 
illness, and potential treatments. Information that is essential to and desired by the 
crewmember must be disclosed. 

Information should be given in terms that the crewmember can understand. The 
CMO should be sensitive to the crewmember’s responses in setting the pace of 
communication, particularly if the illness is very serious. Disclosure and the 
communication of health information should never be a mechanical or perfunctory 
process. Upsetting news and information should be presented to the crewmember in 
a way that minimizes distress. 

In addition, CMOs shall disclose to crewmembers information concerning 
procedural or judgment errors made in the course of care if such information is 
material to the crewmember’s well-being. Errors do not necessarily constitute 
improper, negligent, or unethical behavior, but failure to disclose them may. 


Informed consent 


The crewmember’s consent allows the CMO to provide care. Consent may be either 
expressed or implied. When the crewmember presents to the CMO for evaluation 
and care, consent can be presumed. The underlying condition and treatment options 
shall be explained to the crewmember and treatment shall be rendered or refused. In 
medical emergencies, consent to treatment that is necessary to maintain life or 
restore health is implied unless it is known that the crewmember would refuse the 
intervention. 

The doctrine of informed consent goes beyond the question of whether consent was 
given for a treatment or intervention. Rather, it focuses on the content and process of 
consent. The CMO 1s required to provide enough information to allow a crewmember 
to make an informed judgment about how to proceed. The CMO’s presentation shall 
be understandable to the crewmember and shall include the CMO’s recommendation. 

The principle and practice of informed consent rely on crewmembers to ask 
questions when they are uncertain about the information they receive; to think 
carefully about their choices; and to be forthright with the CMO about their 
concerns, and reservations about a particular course of action. Once a crewmember 
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and the CMO decide on a course of action, the crewmember shall make every 
reasonable effort to carry out the aspects of care that are in their control. 

The CMO is obligated to ensure that the crewmember is adequately informed 
about the nature of the crewmember’s medical condition and the objectives of, 
alternatives to, possible outcomes of, and risks involved with a proposed 
treatment. 


Decision-making capacity 


When a crewmember lacks decision-making capacity, the CMO, 1n consultation with 
Mission Control, shall make decisions on the crewmember’s behalf. In these cases, 
CMOs shall refer to the crewmember’s preferences and act in the best interests of the 
crewmember unless those interests compromise mission safety. CMOs, in consulta- 
tion with Mission Control, shall take reasonable care to ensure decisions are 
consistent with those preferences and best interests. When possible, these decisions 
should be reached in consultation with flight surgeons and other physicians. If 
disagreements cannot be resolved, the final authority shall be the commander. 


Decisions about reproduction 


In the event that a crewmember becomes pregnant and no abort to Earth capability 
is available or an abort to Earth would jeopardize the mission, the CMO has a duty 
to terminate the pregnancy. 


Chronic, overwhelming, and/or catastrophic illnesses 


In the event of a crewmember suffering a chronic, overwhelming, and/or 
catastrophic illness which places an excess demand on life-support consumables, 
the CMO shall euthanize the crewmember in accordance with mission guidelines. 


Patients near the end of life 


Palliative care near the end of life shall not be administered if such care places undue 
demands on life-support and/or medical consumables. When circumstances permit, 
families of crewmembers near the end of life shall be prepared for the course of 
illness and care options at the end of life. Ground-based clinicians should be able to 
assist family members and loved ones experiencing grief after the death of the 
crewmember. 
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Making decisions near the end of life 


Crewmembers with decision-making capacity have the legal and ethical right to 
refuse recommended life-sustaining medical treatments. The crewmember has this 
right regardless of whether he or she is terminally or irreversibly ill, has dependents, 
or is pregnant. The crewmember’s right is based on mission safety. These situations 
demand empathy, thoughtful exploration of all possibilities, and, when operational 
circumstances permit, may require additional consultations. 

Crewmembers without decision-making capacity have the same rights concerning 
life-sustaining treatment decisions as mentally competent crewmembers. Treatment 
shall conform to mission guidelines. 


Advance care planning 


Advance care planning allows a competent crewmember to indicate preferences for 
care and choose a surrogate — normally this will be the CMO — to act on his or her 
behalf in the event that he or she cannot make health care decisions. Advance 
planning shall comprise written advance directives, such as a living will for health 
care, which enables the crewmember to appoint a surrogate who will make decisions 
if the crewmember becomes unable to do so. The surrogate shall be obligated to act 
in accordance with the crewmember’s previously expressed preferences or best 
interests of the mission. When there is no advance directive and the crewmember’s 
values and preferences are unknown or unclear, decisions shall be based on the 
mission’s best interests. 


Withdrawing or withholding treatment 


Withdrawing and withholding treatment are equally justifiable, ethically and legally. 
Treatments should not be withheld because of the mistaken fear that if they are 
started, they cannot be withdrawn. This practice would deny crewmembers 
potentially beneficial therapies. Instead, a time-limited trial of therapy could be 
used to clarify the crewmember’s prognosis depending on life-support and medical 
consumables. At the end of the trial, a conference to review and revise the treatment 
plan shall be held. 


Do-not-resuscitate orders 


Intervention in the case of a cardiopulmonary arrest is inappropriate for some 
crewmembers, particularly those with terminal irreversible illness whose death 1s 
expected and imminent. Because the onset of cardiopulmonary arrest does not 
permit deliberative decision making, decisions about resuscitation must be made in 
advance. 

Do-not-resuscitate orders or requests for no cardiopulmonary resuscitation shall 
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specify care strategies and orders that describe all other changes in the treatment 
goals or plans. In the event that a resuscitation effort cannot conceivably restore 
circulation and breathing, the ground-based physician should help the family to 
understand and accept this position. The CMO who writes a unilateral do-not- 
resuscitate order must inform the crewmember. 

Any decision about advance care planning, including a decision to forgo attempts 
at resuscitation, shall apply in every care setting for that crewmember. Decisions 
made in one setting shall consider future situations and the appropriateness of 
applying that decision in that setting. In general, a decision to forgo attempts at 
resuscitation should apply in every setting — spacecraft and planetary habitat. 


Determination of death 


The irreversible cessation of all functions of the entire brain is an accepted legal 
standard for determining death when the use of life support precludes reliance on 
traditional cardiopulmonary criteria. After a crewmember has been declared dead by 
brain-death criteria, medical support shall be discontinued. 


Irreversible loss of consciousness 


Crewmembers who are in a persistent vegetative state are unconscious but are not 
brain dead. They lack awareness of their surroundings and the ability to respond 
purposefully to them. Because a persistent vegetative state is not itself progressive, 
the prognosis for these crewmembers varies with cause. However, due to limited life- 
support and medical consumables, crewmembers in a persistent vegetative state shall 
not be given life-prolonging treatment. 


CMO-assisted suicide and euthanasia 


Crewmembers and CMOs may find it difficult at times to distinguish between the 
need for assistance in the dying process and the practice of assisting suicide. 
CMO-assisted suicide occurs when the CMO provides a medical means for death, 
usually a prescription for a lethal amount of medication that the crewmember takes 
on his or her own. In euthanasia, the CMO directly and intentionally administers a 
substance to cause death. CMOs and crewmembers shall distinguish between a 
decision by a crewmember or authorized surrogate to refuse life-sustaining treatment 
or an inadvertent death during an attempt to relieve suffering, from CMO-assisted 
suicide and euthanasia. Mission guidelines concerning moral objections to CMO- 
assisted suicide and euthanasia should not deter CMOs from honoring a decision to 
withhold or withdraw medical interventions in situations dictated by the mission. 
In the mission setting, all of these acts must be framed within the larger context of 
the good of the mission. Many crewmembers who request assisted suicide have 
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uncontrolled pain, or have potentially reversible suffering. In such cases, the CMO 
may withdraw life support and/or increase medication to shorten life. 


Obligations of the CMO to the crew and to the mission 


All CMOs must fulfill the profession’s collective responsibility to advocate the health 
and well-being of the crew. However, crewmember confidentiality must be respected. 





Appendix III 


Hypersleep Recovery Manual 


Notes for Crew Medical Officer: the Hypersleep Recovery Scale (HRS) shall be 
administered every 6 hours to each crewmember for the first 24 hours following exit 
from hypersleep. A crewmember shall be considered functional when scoring 23 
following the 4th administration of the scale. 

For administration guidelines, refer to JFK Coma Recovery Scale Administration 
and Scoring Guidelines (Johnson Rehabilitation Institution, 2004). 





Hypersleep Recovery Scale! 


Crewmember Name: Date of Hypersleep entry: 


Date of Hypersleep exit: Time of HRS administration: 


Auditory Function Scale Exit + | Exit+6hrs | Exit+12hours | Exit+ 12hours | Exit+ ) Exit+ 18hours Exit + 24hours 
4 — Consistent movement 

to Command 

3 — Reproducible 

movement to command 


0 Non es 


Visual Function Scale Exit+ 12hours | Exit+18hours | Exit+24hours 
4 — Object localization: 
reaching 


0 Non es 


' Adapted from JFK Coma Recovery Scale. 
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Motor Function Scale 


Exit+ 12hours | Exit+18hours | Exit+24hours 


6- Functional Object Use | | 


5 — Automatic motor 
response 


4 — Object manipulation 


3 — Localization to 
noxious stimulation 


2 — Flexion withdrawal 
1 — Abnormal posturing 


() — None 


Oromotor/Verbal 
Function Scale 


3 — Intelligible 
verbalization 


2 — Vocalization/oral 
movement 


1 — Oral reflexive 
movement 


() — None 


Communication Scale 
2 — Functional: accurate 


1 — Non-functional: 
intentional 


() — None 


Arousal Scale 
3 — Attention 


2 — Eye opening w/o 
stimulation 


1 — Eye opening with 
stimulation 


(. — Unarousable 


TOTAL SCORE 


Exit+6hrs | Exit+ 12hours | Exit+18hours | Exit+24hours 


Exit+6hrs | Exit+12hours | Exit+18hours | Exit+24hours 


Exit+6hrs |Exit+12hours | Exit+18hours | Exit+24hours 
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INTERVENTIONS 


Crewmembers who do not recover consciousness from hypersleep within 24 hours 
may enter a vegetative state (VS). The VS may be transitional en route to recovery or 
may progress to a long-standing and potentially irreversible condition — functional 
hypersleep disconnection syndrome (FHDS). FHDS is a condition from which the 
crewmember may not recover. 

In the event that a crewmember is diagnosed as being in a VS, the CMO shall 
perform standard metabolic assessment of the brain using guidelines in the CMO 
handbook. If determination of metabolic activity cannot be made, the crewmember 
Shall be re-scanned using quantified fluorodeoxy-glucose in accordance with 
standard procedure. In the event that no metabolic function is determined, the 
crewmember may be diagnosed with FHDS. FHDS shall be scaled as mild, 
moderate, or severe, based on responses to actions listed in the Hypersleep 
Disconnection Scale. 


Hypersleep Disconnection Scale 


Eye opening Score Verbal Score Motor Score 
None 1 None l None i 
To pain 2 Sounds yi) Extension 2 
To command 3 Words 3 Flexion 3 
Spontaneously A Disoriented 4 Withdraws from pain 4 
Oriented 5 Localizes to pain 5 
Localizes to pain 6 
and follows 
commands 


FHDS Rating: <8: Severe FHDS 9-13: Moderate FHDS > 13: Mild FHDS 


The recovery of a crewmember diagnosed with FHDS will be determined by 
previous hypersleep disorders, age, and severity of the syndrome. Recovery stages of 
FHDS are: coma, coming out of coma, amnesia, and memory recovery. Normally, 
full medication-assisted recovery takes five days. 

Crewmembers recovering from FHDS may enter a state called post-traumatic 
amnesia (PTA). PTA is characterized by serious memory problems, confusion, and 
disorientation. Based on Earth-based hypersleep increments, those suffering from 
PTA normally recover within four days. 

If recovery has not occurred after eight days, the crewmember is deemed to have 
entered a permanent vegetative state (PVS) beyond which recovery is unlikely. In this 
event, the CMO shall consult with Mission Control to discuss the most appropriate 
course of action based on life-support consumables. 


Epilogue 


Traveling to Callisto will undoubtedly be a high-risk venture and even greater risks 
are sure to follow when humans embark upon interplanetary missions beyond the 
outer planets. Astronauts are well aware of the dangers spaceflight presents but, like 
the early polar explorers mentioned in this book, they acknowledge the risks they 
face with each mission in the knowledge that, throughout history, visionaries and 
explorers have been willing to accept such challenges. Achieving the interplanetary 
goal of landing humans on Callisto and bringing them back alive will be much more 
than just another space accomplishment. It will finally, after far too long, reaffirm 
the pioneering spirit of human society — an aspect that many believe has diminished 
since the Moon landings 40 years ago. 
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Control sensor, 117 
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208 
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Cryoprotectant, 98 
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EVA suit, 219-221 
Exercise, 230 
Field camp, 223 
Housekeeping, 230—231 
Hygiene, 228-229 
Inspection, maintenance, and repair, 231 
Life science experiments, 226-227 
Recreation, 229-230 
Sample analysis, 224 
Sample curation, 224 
Subsurface exploration, 225 
Surface transportation, 221 
The wardroom, 228 


Galileo, 20, 24, 25 

Genetic screening, 145 
Carrier testing, 146 
Diagnostic testing, 146 
Predictive testing, 146 

GFAJ-1, 3, 4 

Guidance, navigation and control, 114 
Orientation state vector, 115 
Position state vector, 115 
Reference frame, 115 

Guidance sensors, 116 
Active pixel sensor, 117 
High gain antenna, 117 


Hazard detection and avoidance, 118, 123 
Terrain relative navigation, 119, 120, 121 
Correlation, 120, 
Global position estimation, 120 
Local position estimation, 120 
Heliocentric trajectory to Earth, 56 


Heliocentric trajectory to Jupiter, 52 
Hibernaculum, 82, 101 
Hibernation, 99 
Animal hibernation, 100 
Central monitoring computer, 103 
European Space Agency, 102, 
Hibernation induction trigger, 101 
Human hibernation, 164 
Entry, 165 
Dadle, 165 
Dobutamine, 165 
Insulin-growth factor, 165 
Exit, 166 
Hypersleep increment, 165 
Human Outer Planets Exploration, 21, 42— 
44, 48, 73 
Hypersleep, 163 
Hypersleep recovery procedures, 166 


Initial surface operations, 211 
In-situ resource utilization, 42, 44 
Interfaces, 123 
Interplanetary stressors, 186—191 
Autonomization, 187 
Displacement, 187 
Forming, storming, norming, and 
performing, 190 
Psychological closing, 187 


Jupiter capture trajectory, 52 
Jupiter escape trajectory, 54 


Khurana, Krishnan, 16 


Lagrange point, 51 
Lake Mono, 3 
Landing on Callisto, 129 
Delta-V budget, 130 
High gate, 130 
Low gate, 131 
Radar lock, 130 
Synthetic vision display, 130 


Magnetized Target Fusion, 47 
Magnetoplasma-dynamic, 45 
MARSSO0O, 184 

Mawson, Douglas, 139, 141, 149, 184 
Metabolic rate, 90 

Mikkelsen, Ejnar, 185 


Million Clinical Multiphasic Inventory, 142 
Minnesota Multiphasic Personality 
Inventory, 142 
Mission risk, 195 
Loss of crew, 196 
Loss of mission, 196 
Mission-specific training, 152 
Advanced surface exploration training, 161 
Bioethics, 154 
Crew resource management, 158 
Hibernation indoctrination, 155 
Space flight resource management, 158 
Survival training, 152-154 


Nanotech, 173 
Dendrimers, 173, 174 
Vasculoid, 175 
Cellulocks, 176 
Installation, 176, 177 
Sapphiroids, 176 
Nansen, Fridtjof, 149, 184, 185 
National Council on Radiation Protection, 
171 
Navigation sensor, 115 
Charged-coupled device, 115 
Field of view, 116 
Star tracker, 115 
Non-Atmospheric Universal Transport 
Intended for Lengthy United States 
X-ploration, Multi-Mission Space 
Exploration Vehicle (NAUTILUS- 
MMSEV), 83, 84, 106, 107 


Outer Space Treaty, 29 


Piloted Callisto Transfer Vehicle, 73 
Planetary protection, 37, 38 
Post-mission mental health care, 192-193 
Precautionary surgery, 146 

Preparation for departure, 232 


Radiation, 107, 166 

Liquid hydrogen, 109 
Measuring radiation, 168 

Gray, 168 

Relative biological effectiveness, 168 
Protection, 172 

Biological, 172, 173 

Amifostine, 173 


Index 253 


Melatonin, 173 
Operations, 172 
Shielding, 172 
Radiation damage, 168, 169 
Genomic instability, 170 
Radiation types, 167 
Shielding, 108 
Rendezvous, docking, and transfer to the 
Shackleton, 210 
Rendezvous with L1 station, 201 
Revolutionary Aerospace Systems Concepts, 
21, 41, 73, 149 
Rogozov, Leonid, 146-148 


Shackleton, Ernest, 139, 149, 159, 160, 161, 
184 
Solar particle events, 167 
Space-gate, 74, 76, 77 
Space radiation laboratory, 171 
Surface infrastructure, 215 
Communication, 215—219 
Power, 213-215 
Surface habitat, 213 


Titan, 1, 8-11 

Trajectory, 117 

TransHab, 79, 80, 81, 109 

Trans-Earth injection and interplanetary 
travel, 201 

Trans-Jupiter Injection and Interplanetary 
Travel, 199 

Trajectory correction maneuver, 199 


Variable Specific Impulse Magnetoplasma 
Rocket, 47, 49, 59-71, 77, 83, 98 
Alfven speed, 68 
Cyclotron frequency, 65 
Helicon waves, 67 
Ion cyclotron resonance heating, 67 
Larmor radius, 65 
Specific impulse, 63 
VF-200, 70 
VX-200, 68, 
Variational calculus Trajectory Optimization 
Program, 50 
Vertical take-off and landing, 111 
DC-X, 111, 112, 113 


X-ray pulsar navigation, 85, 86 


